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ABSTRACT 


Increasing fuel efficiency and reducing CO2 emissions in road transport is the main agenda of the heavy-duty automotive 
industry, which is the locomotive of road freight transport in Europe. Fuel efficiency is one of the most important competitive 
factors affecting the sales figures of heavy-duty vehicles such as trucks and trailers. A regulatory requirement has arisen for 
standardized measurement and validation of fuel efficiency and CO2 emission rates of heavy-duty vehicles and vehicle combi- 
nations of many types, shapes, and sizes. In 2018, a standardized computer simulation (VECTO) was published by the European 
Union that provides the calculation of CO2 emission values and fuel efficiency of heavy-duty vehicles. VECTO provides market 
customers with the opportunity to compare heavy-duty vehicle offers and select the most efficient vehicle combination according 
to their operational needs. In this article, studies containing information about VECTO in the literature were compiled and the 
potential of VECTO in reducing greenhouse gas emissions was examined. 
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1. Introduction 


The EU has started to reshape all its policies on the axis of climate 
change to achieve the rising targets of combating climate change 
with the European Green Deal. In order to reduce climate, energy, 
land use, transport, and taxation policies, a draft law package named 
“Fit for 55” has been published, which includes a series of legal reg- 
ulations; on the other hand, announced the draft carbon regulation at 
the border, which envisages the implementation of a system parallel 
to the ETS in imports. Within the scope of the package, many 
measures such as increasing the use of renewable energy, more en- 
ergy efficiency, lower-emission transportation modes, and the infra- 
structure and fuels that will support them, setting a zero-emission 
target for new motor vehicles to be put on the market by 2035, align- 
ing taxation policies with the Euro-pean Green Deal targets, etc. 
commission recommendations are included. 

With the legislation published by the authority on the efficiency 
and greenhouse gas emissions of heavy-duty vehicles in Europe, it 
can be understood that responsibilities for increasing efficiency are 
at the door for HDV manufacturers. To achieve a reduction of green- 
house gas emissions of 15% by 2025 and 30% by 2030, manufactur- 
ers have a lot of responsibilities. Manufacturers need to work on 


more technology to increase efficiency. Furthermore, by the end of 
2022, the European Commission must assess additional aspects that 
were left out in the first phase of the standards but that can increase 
the effectiveness of the CO2 regulation [19]. Some of those aspects; 
are incentive mechanisms for electric trucks, new CO2 targets for 
2035 and 2040, and the inclusion of trailers in regulation. In this con- 
text, it is of great importance for manufacturers to know VECTO, 
analyze it correctly, and correctly identify the points that need to be 
focused on for efficiency. 

Heavy commercial vehicles cannot be compared with light vehi- 
cles in terms of standardizing their carbon emissions. Because heavy 
commercial vehicles come in many shapes, sizes and weights, there 
are thousands of different types on the market. Also, unlike light- 
duty vehicles, HDVs are sold with many possible combinations of 
engines, transmissions, and body styles. To type-approve all the pos- 
sible combinations would be expensive and impractical, so engine 
dynamometer testing has historically been the preferred method for 
criteria pollutant emissions type-approval tests of heavy-duty en- 
gines [16]. VECTO takes the results from the testing, or measure- 
ment, of key relevant components of the HDV as inputs, and calcu- 
lates the fuel efficiency and CO2 emissions of their use together (i.e. 
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for the whole vehicle) driven over vehicle-class specific mission pro- 
files [17]. Vehicle Original Equipment Manufacturers (OEM) have 
to use VECTO to determine the fuel consumption and CO2 emis- 
sions of the vehicles undergoing the certification process and subse- 
quently report officially the CO2 emissions values [18]. The poten- 
tial benefits of VECTO compared to the traditional physical testing 
approach are discussed later in the article. 


2. VECTO Review 


2.1. The effect of HDVs on greenhouse gas emissions: Market 
overview 


Despite their relatively small numbers, on-road commercial vehi- 
cles are responsible for a disproportionately large percentage of 
transport sector fuel consumption and GHG emissions due to their 
heavier weight and the greater number of miles traveled [1]. Road 
transport accounts for the vast majority — around 70% -— of all 
transport emissions [2]. Curbing the CO2 emissions of the HDVs 
globally is of key importance for increasing the sustainability of the 
transport sector [3]. Fig. 1. shows the share of HDVs in greenhouse 
gas emissions originating in the EU. 
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Figure 1. GHG Emissions from EU Transport [4]. 


On February 19, 2019, representatives of the European Commis- 
sion, the European Parliament, and the European Council agreed on 
a compromise for setting carbon dioxide (CO2) emission standards 
for new heavy-duty vehicles (HDVs) for the first time in the Euro- 
pean Union (EU). The targets will reduce the average CO2 emis- 
sions from the highest emitting HDV segments by 15% in 2025 and 
by 30% in 2030, both relative to a baseline determined from 2019 
and 2020 data. [5]. 


2.2. What is VECTO? 


The Vehicle Energy Consumption Calculator Tool (VECTO) is 
software made available to the public by the European Commission 
for calculating the fuel consumption and greenhouse gas emission, 
thus efficiency, of a complete vehicle. VECTO was included in the 
vehicle type approval regulation in May 2017 as an official software 
documenting the greenhouse gas emissions and fuel consumption 
values of heavy-duty vehicles in Europe. VECTO software has some 
modules. These are the Air Drag tool and Engine tool which are re- 
quired for the calculation and certification of various efficiency 
measures. For a given driving cycle and payload, VECTO uses the 
results of component testing and vehicle characteristics to simulate 


the fuel consumption and CO2 emissions of a given vehicle [6]. For 
the following components, relevant input data for VECTO must be 
delivered from standardized test procedures: Vehicle mass, tires, en- 
gine, transmission, and aerodynamic drag [2]. VECTO calculates ac- 
cording to the transport operation of the heavy-duty vehicle. For ex- 
ample, since the conditions will be different in regional transporta- 
tion and long-distance transportation, these are defined in the system 
as a variable. 

VECTO simulates CO2 emissions and fuel consumption based on 
vehicle longitudinal dynamics using a driver model for simulation of 
target speed cycles. Engine speed is determined based on a gearshift 
model, the gear ratios, and the wheel diameter. Fuel consumption 
and CO2 emissions are then interpolated from an engine fuel/CO2 
map [7]. Fig. 2. shows the scheme of the general VECTO model. 
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Figure 2. Scheme of the VECTO model [8]. 


VECTO has the potential to positively affect technical develop- 
ments on productivity and the economic dynamics of countries. Un- 
like engine dynamometer tests, simulation can capture the influence 
of individual components upon whole-vehicle efficiency, and unlike 
whole-vehicle dynamometer testing, simulation makes it possible to 
test a high number of vehicle types and subtypes with small marginal 
costs [16]. Thanks to VECTO, the greenhouse gas emission values 
of heavy-duty vehicles of many shapes, sizes, and weights are easily 
measured with the help of theoretical calculations proven by physi- 
cal tests. By obtaining the data calculated by VECTO from the man- 
ufacturers, the market customers learn the fuel consumption of the 
vehicle they will buy from a reliable standard source. 


3. How to reduce GHG emissions from HGVs 


Allowed vehicle length and weight, trailer design, driving dynam- 
ics, transport operation, and infrastructure are the main parameters 
in reducing C02 emissions. The main sources of efficiency improve- 
ment in vehicles are improvements made in the engine, tires, and 
aerodynamics. Driving support systems, in addition to the main re- 
sources, help vehicle users to use the vehicle more efficiently, help- 
ing to increase efficiency. Trucks have the potential to achieve two- 
thirds of the total improvement in CO2 emissions. Improving the 
aerodynamics of vehicle trains (truck-trailer combination etc.) can 
contribute to reducing CO2 emissions. Efficiency can be greatly in- 
creased by using many techniques together. Every little improve- 
ment in productivity is like a piece of the puzzle. 


3.1. Operations & driver training 
Driver training is very important. Because driving dynamics affect 


the fuel consumption of vehicles. It is possible to reduce CO2 emis- 
sions by optimizing vehicle speed, focusing on efficiency in driving 
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techniques, route planning, and efficient loading-unloading opera- 
tions in accordance with the conditions of the region where the trans- 
portation will be made. For this purpose, it is aimed to improve the 
driving behavior of drivers through GPS-based, automatic gear shift- 
ing strategies and 'eco-driving'’ modes in new generation trucks. 


3.2. Maximum weights and dimensions 


Efficiency in transportation can be increased by increasing the 
maximum allowable mass and dimensions. Variable vehicle combi- 
nations are the best example of this. The European Modular System 
(EMS) is a method that allows combinations of vehicles to be longer 
and heavier in certain transport zones. EMS increases efficiency and 
reduces environmental damage. National authorities approve a vehi- 
cle combination that is longer and heavier than a standard vehicle 
combination that is 16 meters long and weighs 40 tons. Thus, EMS 
makes it possible to transport more cargo at once. The use of this 
concept in Europe, where road transport is intense, means a great 
contribution to increasing efficiency. Another feature of EMS is that 
it brings more flexible solutions. If road conditions allow, long vehi- 
cle combinations or shorter vehicle combinations can be used flexi- 
bly according to the requirements of the operations. Thanks to the 
trailers and semi-trailers that can be connected one after another by 
mechanical connection, it is very easy to implement, and countries 
can adapt to their local conditions. Fig. 3. shows the possible combi- 
nations of EMS. 


Figure 3. Possible combinations of EMS [9]. 


The European Modular System (EMS) allows more loads to be 
transported at once by combining trailers and semi-trailers. CO2 
emissions can be significantly reduced in transportation with high- 
capacity vehicles. Long vehicle trains offer the same carrying capac- 
ity with fewer vehicles. Thus, lower carbon emissions and fuel con- 
sumption are achieved. 


As an example, the load carried by a standard 16.5-meter tractor- 
semi-trailer combination can be transported at one time by one 25- 
meter truck-trailer-trailer combination. Infra-structure studies must 
be ready for long vehicle combinations to be used efficiently within 
Europe. Depending on the route conditions, long train vehicles may 
be preferred, but since long vehicle combinations can cause prob- 
lems on the roads in transit circulation between countries, they are 
applied in countries where road conditions allow. 

After Finland and Sweden joined the European Union in the 
1980s, the EMS approach began to be developed. The event that trig- 
gered this approach was the inclusion of Scandinavian countries 
such as Finland and Sweden. Both countries have long allowed com- 
binations of long and heavy vehicles on highways. After joining the 
Union, restricting the mass and dimensions according to the current 
legislation of the EU would limit the competitiveness of both coun- 
tries. For this reason, the EU reached a consensus and decided on a 
standard concept. EMS is defined in article 4(b) of the 96/53 EC di- 
rective. Thus, every member state in the EU is free to use any of the 
standardized concepts. This has also contributed to the creation of a 
competitive environment in increasing productivity. Thus, the share 
of this technique in reducing greenhouse gas emissions is understood. 
According to ACEA, the fuel savings that can be achieved by in- 
creasing the load carried at once and the decrease in greenhouse gas 
emissions are given in Fig. 4. Of course, for this concept to be seen 
more on the roads, the road infrastructure must be suitable. 
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Figure 4. Efficiency increases with modular system use [7]. 


3.3. Highway infrastructure 


Road infrastructure is one of the main factors in greenhouse gas 
emissions. Efforts to increase the availability and capacity of road 
infrastructure will directly play a role in reducing greenhouse gas 
emissions. Contribution to emissions targets can be achieved by con- 
structing and maintaining roads with low rolling resistance. 

Another infrastructure issue is the improvement of traffic flow. 
The use of intelligent and connected transportation networks using 
intelligent transportation systems (ITS) is important. The vision for 
ITS is one of “intelligent mobility towards fully informed people, 
zero accidents, zero delays, with reduced impact on the environment, 
where services are affordable and seamless, with privacy respected 
and security provided” [10]. By allowing the transportation opera- 
tions to be carried out with long vehicle combinations, the road struc- 
ture indirectly increases efficiency. 
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3.4. Energy Recovery from HGVs 


There are many factors that increase the fuel consumption of 
trucks and create inefficiency. These factors combine to create a 
huge inefficiency. The strong dependence of the loss mechanism on 
the duty cycle, payload, and vehicle type results in wide-ranging es- 
timates for the respective typical losses [11]. Table 1. shows an over- 
view of the loss areas targeted by the technologies for providing ef- 
ficiency. There are currently several new technologies being imple- 
mented into VECTO, which are not yet applicable to new vehicles 
being registered now [12]. 

By using existing energy recovery methods, fuel consumption and 
thus CO2 emissions of vehicles and vehicle combinations used in 
road freight transportation can be greatly reduced. Energy recovery 
has been the subject of research and innovation in patents since the 
1970s. In recent years, manufacturers have realized that energy re- 
covery systems offer cost-effective alternatives to increase effi- 
ciency and that the potential benefits of these systems are open to 
development. ERS is used by many vehicle manufacturers today. In 
an automotive industry that is clearly focused on efficiency gains, 
the increase in new vehicles using ERS highlights the energy use 
benefits of these techniques. 


Table. 1. List of technologies by category [13]. 


Engine 


Aerodynamics 


Tires 


Axles and transmission 


Turbochargers 
Intake/exhaust 
Waste heat recovery 
Internal friction 
reduction 
Engine efficiency 
Engine downspeeding 
Lubricant 
Engine Control Unit 
(ECU) optimization 


External grilles 
Active flow 
systems 
Mirror replacement 
Tractor cabin and 
trailer fairings 
Boat tails 
Vortex generators 
Adjustable fifth 
wheel 
Vehicle redesign 


Wide base single 
tires 
Low rolling 
resistance tires 
Tire pressure 
monitor systems 
Automatic tire 
inflation systems 


Automated Manual Transmission 
(AMT) 


Continuously Variable 
Transmission (CVT) 


Dual Clutch Transmission (DCT) 
Additional gear ratios 
Axle efficiency 
Lubricants 


Cooling fan 
Alternator 
Water pumps 
Oil pumps 


Hybrids Mass Idling Components and auxiliaries 


Hydraulic hybrids Mass reduction 
Full/mild electric 
hybrids 


Flywheel 


Stop-start 
systems 
Auxiliary power 
units 
Neutral idle 


Electric hydraulic power steering 
LED lighting 
Air compressor 
A/C efficiency and refrigerant 
Reflective paint and glazing 
Predictive cruise control 
Advanced Driver Assistance 
Systems 


Internal combustion engines convert very little of the energy they 
take from the fuel into work. Much of this useful energy is lost 
through inefficiencies. In terms of trailers, which are non-motorized 
vehicles; increasing the total efficiency, especially in heavy tonnage 
trailers, is of great importance in terms of reducing carbon emissions. 
With the energy recovery systems and aerodynamic modifications 
to be installed on the trailer, it is aimed that the motor vehicle pulling 
the trailer will consume less energy, thus reducing the carbon emis- 
sions and increasing the total efficiency. 

In the AEROFLEX AB project carried out by companies such as 
TIRSAN, Van ECK, Scania, 4-5% thanks to double-deck loading 
platforms, 4-6% using the loading area more effectively, 5-12% due 
to the integration of more flexible, advanced powertrains, aerody- 
namic improvements applied to the complete vehicle. Thanks to the 
project, 5-10% energy savings were aimed at, and it was revealed 
that up to a 30% efficiency increase could be achieved at the end of 
the project. Thus, it has been proven that VECTO is not just a theo- 
retical approach. 
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3.5. Platooning 


Platooning is when two or more electronically communicating ve- 
hicles travel in close succession in a convoy on the highway. The 
other trucks in the convoy follow the lead truck in front. Drivers can 
leave the conveying and act independently if desired. Tests are on- 
going to commission this technique in Europe. Conveying reduces 
fuel consumption and CO2 emissions. Considering the close move- 
ment of the trucks in a row, the air friction per vehicle is reduced, 
providing a great advantage in terms of aerodynamics. We can liken 
this technique to birds flying in groups. According to the study by 
Ertico, the conveying technique provides up to 16% improvement in 
CO2 emissions in vehicles following the leader. A photograph of the 
tests carried out by Scania CV AB is given in Fig 5. 


Figure 5. HDV platoon traveling of Scania CV AB [14]. 


This technique also increases security. The vehicles in the con- 

veying brake automatically; when the leading truck brakes, the fol- 
lowing trucks automatically react 5 times faster than a human can 
react and brake automatically. It allows drivers to carry out their 
daily routines such as daily administrative work or searches. 
It is necessary to introduce legal regulations and standards to further 
improve the conveying technique. In addition, conveying incentive 
taxation contributes positively to the increase in the number of vehi- 
cles using the technique. The most important factor in putting this 
technique into use is the regulation of the highway infrastructure. In 
this direction, serious infrastructure investments of countries are re- 
quired. Physical tests will more clearly demonstrate the usefulness 
of the technique. Standard conditions are important: For example, 
how many vehicles should be in the conveying to maintain effi- 
ciency? The answers to such questions can be given because of re- 
search and tests. The recent emergence of several platooning-related 
projects indicates that platooning is becoming increasingly im- 
portant [14]. 


4. Comparison of EU-US GHG Emissions 
Theoretical and artificial frameworks put into effect by the legis- 


lation may not coincide with real-life CO2 emission values. This is 
the difficulty of regulatory approaches introduced by legislation. 
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CO2 emissions from trucks and trailers cannot be addressed in a sin- 
gle regulatory policy, as trucks and trailers come in thousands of dif- 
ferent shapes and sizes. Considering the multi-stage production pro- 
cess of trucks and trailers, which manufacturer should be responsible 
for the compliance of a completed truck or trailer with the legislation 
becomes a separate issue. In the current approach, 35 different legal 
regulations have been made by considering only the most important 
truck classes, as the uniform legislation will not apply to all truck 
classes. VECTO addresses these complex and inefficient regulatory 
processes. 

With the relevant legislation, it is obligatory to declare the CO2 
values for every truck produced in the EU. In the future, this legisla- 
tion will also be inclusive of trailers. In the USA, the calculation of 
CO2 data is non-specific due to the small variety of engines used and 
the limited number of input parameters. While in the USA all man- 
ufacturers use a generic engine type, in Europe the input data must 
be inclusive of the actual performance of each manufacturer's unique 
engine type. When analyzed based on weight carried at one time, in 
the current legal framework, the standard vehicle combination used 
in the EU emits 16% less CO2 compared to the vehicle combination 
used in the USA. When analyzed based on the volume transported 
at one time, the standard vehicle combination used in the USA is 
compared to the standard vehicle used in the EU. Compared to the 
combination, it performs better in terms of CO2 emissions. As seen 
in Fig. 6. US standard vehicle combination can legally carry 21% 
more volume. 


Volume Comparison 


13.62m 16.00m 


Interior length 


Interior width 2.47m 2.50m 


Interior height 2.75m 2.80m 


Interior volume 92.5m? 112.0m8 


Figure 6. EU-USA transportable volume comparison [15]. 


These results point to an important issue regarding the efficiency 
of road transport in Europe: the need to update existing mass and 
dimensions legislation. Currently, the efficiency of heavy-duty vehi- 
cles is limited by the legal requirements on maximum weight, size, 
and speed imposed by regulations. Modifications to these legal 
boundary conditions have become essential to increase efficiency. A 
potential increase in fuel efficiency of 14% can be expected if long 
combinations commonly used in the USA are allowed to circulate 
freely within Europe. Of course, to make this legal regulation, as 
mentioned at the beginning of the article, the road infrastructure must 
be suitable for long vehicle combinations. 
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5. Conclusion 


Fuel costs account for 30% of operating costs in the transport sec- 
tor. The fuel factor is of great importance in increasing the competi- 
tiveness of transport service providers. That's why Fuel efficiency 
and CO2 emissions targets are market-oriented. According to 
ACEA's data, the total operating costs of the tractor-semi-trailer 
combination with a total combined weight of 40 tons are given be- 
low in Fig. 7. 


Road tax: 2% Vehicle insurance: 6% 


Depreciation: 10% Interest: 2% 


Overhead: 18% 


Tyres: 1% 
Wages: 26% 


Repair and 
maintenance: 5% 


Figure 7. Total operating costs of a 40-tonne tractor-semitrailer combi- 
nation [15]. 


Based on the standard, reliable and transparent software, all custom- 
ers can see the fuel consumption values of the vehicles they will pur- 
chase, which will contribute to the selection of the most efficient ve- 
hicle and therefore to the reduction of greenhouse gas emissions. 
This will also increase the competitive environment for efficiency in 
the market. Both the competitiveness of the market will increase and 
the damage to nature will be minimized. With the VECTO legisla- 
tion, a carbon emission reduction target of 15% until 2025 has been 
set. This target for 2030 is 30%. If vehicle manufacturers cannot 
achieve the carbon emission values determined in the target-ed years, 
they will have to pay a fine for each vehicle. VECTO provides cus- 
tomers with real and reliable information about the fuel efficiency of 
their heavy-duty vehicles and vehicle combinations by calculating 
the amount of CO2 emitted per ton, the amount of fuel consumed, 
with inputs such as the volume and weight of the cargo. This simu- 
lation tool will enable customers to choose the most economical ve- 
hicle specification. Various configurations such as engine-transmis- 
sion combination, aerodynamic characteristics, and tire characteris- 
tics are considered in the calculation. 


The European Commission is actively developing the VECTO sim- 
ulation in close cooperation with the industry. In 2018, configura- 
tions for the certification of vehicles were introduced. CO2 declara- 
tion for trucks (classes 4, 5, 9, and 10) has started to be issued. An 
18-month transition period has been defined for producers from the 
date of entry into force of the legal regulation. 


As a result, heavy-duty vehicle manufacturers are encouraged to in- 
novate to produce the most efficient vehicles for the market. The ad- 
vantage of using a simulation, as opposed to a test-based approach, 
is that each unique tool can be evaluated easily and efficiently. Sim- 
ulation is not just a theoretical computational tool; in the database of 
the VECTO simulation, there are many data entries obtained by 
physical tests. The input data integrated into the simulation includes 
very precise calculations. Thus, VECTO ensures that the most cost- 
effective tools can be quickly selected by end-users. 
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Abbreviations 


VECTO: Vehicle Energy consumption Calculation Tool 


GHG: Greenhouse Gases 


HDV: Heavy-duty Vehicles 
GVW: Gross Vehicle Weight 


ERS: Energy Recovery System 


EMS: European Modular System 


ITS: Intelligent Transportation Systems 


ACEA: European Automobile Manufacturers Association 
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